A recent systematic review and meta-analysis shows that volume-targeted ventilation (VTV) compared with pressure-limited ventilation (PLV) reduce death and bronchopulmonary dysplasia, pneumothorax, hypocarbia and severe cranial ultrasound abnormalities. In this paper, we present published research and our experience with volume guarantee (VG) ventilation, a VTV mode available on the Dräger Babylog 8000plus and VN500 ventilators. The VG algorithm measures the expired tidal volume (V T ) for each inflation and adjusts the peak inflating pressure for the next inflation to deliver a V T set by the clinician. The advantage of controlling expired V T is that this is less influenced by endotracheal tube leak than inspired V T . VG ventilation can be used with an endotracheal tube leak up to B50%. Initial set V T for infants with respiratory distress syndrome should be 4.0 to 5.0 ml kg
Introduction
Mechanical ventilation is required to manage neonates with severe respiratory failure. Pressure-limited ventilation (PLV), delivering a fixedpeak inflating pressure (PIP), has traditionally been used to control the arterial carbon dioxide (PaCO 2 ). During PLV the tidal volume (V T ) fluctuates widely due to the baby's breathing, changes in lung mechanics and variable endotracheal tube (ETT) leak. 1, 2 As high V T (volutrauma), and not pressure per se, causes lung injury, controlling V T rather than PIP is a logical strategy for ventilating preterm infants. [3] [4] [5] Modern microprocessor-controlled ventilators allow volume-targeted ventilation (VTV) even in very preterm infants. VTV modes vary in how they measure and control V T delivery. 6, 7 Measurements are only accurate with the flow sensor placed at the Y-piece. 8, 9 The flow-sensors measure inspired and expired V T , and ETT leak is calculated. The advantage of targeting inspired V T is that the ventilator controls the V T as it is delivered. The major disadvantage is that variable ETT leak alters the delivered V T . The advantage of using the expired V T is that this most accurately reflects the V T that entered the infant's lung, and is less influenced by ETT leaks unless they are very large.
Volume guarantee (VG) ventilation is a VTV-mode controlling the expired V T . In Australasia and the Nordic countries, 50% of level 3 neonatal units routinely use VTV modes, and 80% of these used VG. 10 In contrast, a recent cross-sectional study in Europe revealed that only 11% of ventilated infants received VTV modes. 11 The current paper presents practical guidance about using VG ventilation drawing upon research and our experience with the Dräger Babylog 8000plus and our understanding about the Dräger Babylog VN500.
Why we have written this paper?
We recently completed a systematic review and meta-analysis on randomized controlled trials of neonatal VTV versus PLV. 12, 13 The review found that VTV significantly reduces rates of death and bronchopulmonary dysplasia, pneumothorax, hypocarbia and severe cranial ultrasound abnormalities. Lack of experience or knowledge of how to use VTV may explain why it is infrequently used in many countries. 10, 11 This paper gives neonatologists practical guidance on the use of one type of VTV; VG ventilation with the Dräger Babylog 8000plus ventilator and the new Dräger Babylog VN500. Dräger Babylog 8000plus is the most commonly used neonatal ventilator in Europe. 10, 11 We have used VG ventilation for many years and reported different aspects on how this specific VTV mode works. [14] [15] [16] [17] [18] [19] [20] We believe it is more acceptable to the users, if such guidance is written by experienced clinicians without input from the manufacturer. We have checked details with the manufacturer's engineers but they had no part in commissioning or writing the manuscript.
Why control tidal volume?
The purpose of mechanical ventilation is to ventilate the lungs with an appropriate tidal volume. VTV reduces the variability of V T delivery compared with PLV.
1,2 Avoiding a high V T should reduce volutrauma. 5 Decreasing V T fluctuations, and reducing variations in minute volume, leads to a more stable PaCO 2 and less hypocarbia. 1, 21, 22 This reduces fluctuations in cerebral blood flow and decreases the risk of brain injury. 23, 24 Avoiding a very low V T may reduce risks of atelectotrauma and hypercarbia. 21, 25, 26 How does volume guarantee (VG) work? The operator sets a target expired V T (set V T ). The ventilator measures the expired V T for each inflation and automatically adjusts the PIP for the next inflation of the same type, triggered or untriggered, aiming to deliver the V T around the set level ( Figure 1 , Table 1 ).
How accurate is the control of expired tidal volume with volume guarantee? The expired V T may vary during VG ventilation but the ventilator algorithm makes automatic adjustments to the PIP for each inflation to keep the delivered V T as close as possible to the set V T .
Keszler and Abubakar 1 reported that when using VG ventilation >60% of breaths were within target range of set V T . In another study of 6540 inflations from 10 preterm babies ventilated with VG, the mean expired V T , as percentage of the set V T , was 102% for triggered inflations and 98% for untriggered inflations. 15 This study showed that VG maintains the average expired V T accurately. Reasons for intermittently higher or lower V T delivery are discussed below.
The choice of ventilator modes
The Dräger Babylog 8000plus permits the use of VG only with triggered modes for example, synchronised intermittent mandatory ventilation, assist control (AC/SIPPV) or pressure support ventilation (PSV). 27 The new VN500 also offers the use of VG with non-triggered continuous mandatory ventilation. Breaths unsupported by an inflation during continuous mandatory ventilation þ VG or synchronised intermittent mandatory ventilation þ VG are not volume targeted. We prefer using VG combined with AC or PSV because these modes support all spontaneous breaths. AC þ VG is associated with more stable expired V T , better oxygenation and reduced tachypnoea when compared with synchronised intermittent mandatory ventilation þ VG. 28 No trials have directly compared PSV with AC The volume guarantee (VG) software adjusts the peak inflating pressure (PIP) for the next inflation based on measurement of the expired V T of the previous inflation. This figure shows nine triggered inflations from a 750-g baby ventilated with assist-control VG. The three waves are from top to bottom flow (ml sec À1 ), pressure (cm H 2 O) and V T (ml). The set V T of 3.2 ml is shown by the vertical arrows after each V T . It shows the expired V T is slightly larger than the set V T for all inflations and so the PIP is reduced for each subsequent inflation.
Neonatal volume guarantee ventilation C Klingenberg et al during VG ventilation. However, the difference between AC and PSV is probably small unless inflation times during PSV become very short.
Triggered and untriggered inflations
Ventilator inflations may be triggered by the infant or initiated by the ventilator in the absence of any effort from the infant ('untriggered inflations'). Babylog 8000plus and VN500 control the PIP for triggered and untriggered inflations separately, and adjust the PIP according to the expired V T of the preceding inflation of the same type. Between adjacent inflations of the same type the change in PIP is usually well below 3 cm H 2 O (Table 1 ). 14 Between triggered and untriggered inflations, the PIP can vary much more than this as it depends on the PIP used for the previous inflation of that type. When an infant contributes to the V T during a triggered inflation, the average PIP is 4 cm H 2 O lower than during an untriggered inflation (Figure 2 ). 14 Selecting target V T for different clinical conditions CO 2 exchange is determined by the alveolar minute ventilation (AMV ¼ (V T ÀV Deadspace ) Â rate). The anatomical dead space is B2 to 2.5 ml kg À1 . 29, 30 A V T around twice this is needed for adequate ventilation. 30 Data on the 'appropriate' V T to set for different conditions are limited.
Spontaneously breathing infants <32 weeks' gestation, receiving continuous positive airway pressure, had a mean (range) V T of 4.4 (2.6 to 7.2) ml kg À1 . 31 Vilstrup 32 reported that preterm infants with respiratory distress syndrome (RDS) have a functional residual capacity of B11 ml kg À1 and a total lung capacity of B19 ml kg À1 . A V T of 4 to 6 ml kg À1 is often considered appropriate for infants with RDS and experts suggest a V T >8 ml kg À1 may cause volutrauma. 27, 33 In infants <800 g, a V T of B5 ml kg was required to achieve normocapnoea in the first week of life. 34 The V T per kg required for normocapnoea was inversely related to birthweight suggesting that the flow sensor contributes a modestly increased fixed dead space in the smallest infants. 35 Lista et al. 25 compared a set V T of 5 ml kg À1 with 3 ml kg À1 in infants with RDS. The 3 ml kg À1 group showed higher levels of pro-inflammatory cytokines in tracheal aspirate and required a longer duration of ventilation.
If the set V T is below the spontaneous V T , the VG mode lowers the PIP close to the positive end expiratory pressure (PEEP). 26 We have observed that with a set V T of 3.5 ml kg À1 , many spontaneously breathing infants actually generate a V T closer to 4 ml kg À1 .
18 ±0.5 ml (up to 5 ml) ±10% (above 5 ml) Flow sensor; trigger sensitivity (combined flow and volume trigger) With Babylog 8000plus this is an arbitrary scale from 1-10. 1 is the most sensitive setting; corresponds to a flow trigger at 0.2 l min À1 , with no minimum volume required. With Babylog VN500, the trigger sensitivity is set in l min À1 and the most sensitive setting (0.2 l min À1 ) can be set directly Flow sensor; trigger delay (at maximum sensitivity) B30 ms; from the onset of inspiratory gas flow to the onset of inflation 15 Safety features, circuit gas flow, alarms and expiratory triggering Protection against excessive V T delivery The inflation stops and the expiration valve opens if inspired V T (adjusted for ETT leak) exceeds 130% of the set V T Ventilator response to partial ETT obstruction and/or low V T Adjusts PIP, by up to 3 cm H 2 O for each inflation, until set V T delivered Ventilator response to complete ETT obstruction PIP is temporarily reduced to the midpoint of PIP and PEEP as a safety feature 17 Adjustments for ETT leak to provide accurate V T delivery PIP is automatically adjusted to deliver set V T . It can be used with ETT leaks up to B50% Circuit gas flow Manually set; range 1-30 l min
À1
. In practice often 6-8 l min À1 . VN500: optional automatically adjusted circuit gas flow Low tidal volume alarm If expired V T is below 90% of set V T Alarm delay setting Alarm delay should be set >10 s. Low tidal volume alarm will only occur if the expired V T is consistently below 90% of the set V T for longer than 10 s PSV mode Expiration starts when inspiratory flow has fallen to 15% of the peak flow (trigger threshold is automatically adjusted for changes in ETT leak). Clinician needs to select an upper limit of the inflation time. We recommend 0.4-0.6 s Abbreviations: ETT, endotracheal tube; PEEP, positive end expiratory pressure; PIP, peak inflating pressure.
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For infants with RDS we recommend starting VG ventilation with set V T of 4.5 to 5.0 ml kg À1 if birthweight <1000 g and 4.0 to 4.5 ml kg À1 for infants>1000 g. Subsequent adjustments are made in increments of 0.5 ml kg À1 , usually within the range 4.0 to 6.0 ml kg À1 , to achieve acceptable PaCO 2 values.
Infants receiving prolonged mechanical ventilation can develop tracheal dilatation, increasing the dead space. 36 Ventilatordependent infants >2 to 3 weeks postnatal age may require a higher set V T (5 to 8 ml kg À1 ) to control their PaCO 2 .
34
Infants with congenital diaphragmatic hernia have pulmonary hypoplasia, but require the same minute ventilation as healthy infants to achieve normocapnoea. 37 The mean (s.d.) spontaneous V T of infants with congenital diaphragmatic hernia immediately after birth was 3.8 (1.9) ml kg À1 . 38 We suggest using a set V T B4 ml kg À1 and high ventilator rates if necessary.
Setting the PIP limit (Pmax)
During VG the set PIP is not the same as the delivered PIP because the VG mode continuously alters the delivered PIP to achieve the set V T . The set PIP limit needs to be high enough to allow fluctuations around the average or 'working' PIP. 19 With Babylog 8000plus, the Pinsp control knob is used to set the PIP limit. The VN500 has a specific Pmax setting. If Pmax is too close to the working PIP, 'low tidal volume' alarms will occur frequently because the set V T is often not achieved (Table 1) . If the Pmax is much higher than the working PIP, there may not be an early warning of major changes in lung mechanics. However, the VG mode has safety features to prevent the delivery of excessive V T , despite a high Pmax (Table 1). 14 It should be noted that if the manual inflation button is pressed, the inflation is delivered with the Pmax because manual inflations are not volume targeted. Furthermore, closed endotracheal suction causes negative intratracheal pressure. Transiently higher PIP and V T may follow a suction procedure. 39 This effect should be considered when setting the PIP limit during VG ventilation.
We recommend starting VG ventilation with a PIP limit (Pmax) of B25 to 30 cm H 2 O. This enables the ventilator to choose a PIP lower than this to deliver the set V T . Thereafter, the Pmax can be adjusted to at least 5 to 10 cm H 2 O above the working PIP, allowing the ventilator flexibility to deliver the set V T during variable ETT leaks and untriggered inflations. 27 The patient and ventilator should be assessed if the working PIP progressively increases, is persistently high (for example >30 cm H 2 O), or if the ventilator frequently alarms 'low tidal volume'. The main causes are: increasing ETT leak, baby splinting its abdominal muscles against ventilator inflations, untriggered inflations, worsening lung mechanics, air leaks, the ETT slipping down the right main bronchus or ETT kinking. Neonatal volume guarantee ventilation C Klingenberg et al Low tidal volume alarm A 'low tidal volume' alarm occurs, if the expired V T is <90% of the set V T for the duration of the set alarm delay ( Table 1 ). The number of these alarms may be reduced by increasing the Pmax or by setting the alarm delay >10 s. Occasionally, the circuit gas flow may need to be increased in order to achieve the required PIP within the inflation time.
Setting the trigger sensitivity The flow-sensor trigger threshold should be set at its greatest sensitivity (Table 1) . If sensitivity is decreased, triggering is delayed and reduces synchrony between the baby's inspiration and ventilator inflation, and increases work of breathing. Movement of water within the circuit (rain out) is often misinterpreted by the flow sensor as the onset of a breath and inappropriately trigger inflations out of synchrony with the infant. The circuit must be kept free of condensed water. The flow sensor should be positioned with the plug pointing upwards to reduce condensation in the sensor. It is inappropriate to reduce the humidity in the circuit to prevent rain out. The gas must be delivered to the airways at 37 1C and 100% humidity to maintain cilial and mucus function and prevent epithelial dehydration. 40 Water vapour permeable ventilator circuits should be used to prevent condensation. 41 Setting the inflation time (T i ) Sufficient T i is required for the pressure to rise to the PIP selected by the ventilator and form a small plateau. If the T i is too short, the PIP will not rise to a level sufficient to deliver the set V T and a 'low tidal volume' alarm occurs. In an AC mode we recommend setting the T i B0.3 s for babies with RDS; similar to their spontaneous T i . [42] [43] [44] Infants with other lung pathologies may need a longer T i . The appropriateness of the T i can be evaluated by observing the ventilator graphics ( Figure 3 ). If T i is set too long, the pressure plateau is held after the inflation flow has stopped and there is no further increase in V T . The PSV mode allows the infant to control and vary its T i by triggering the onset of expiration (Table 1) . ) and V T (ml). It illustrates two main problems. First, the inflation time is too short therefore the flow wave ends abruptly at the end of inflation before reaching the baseline, and the tidal volume curve has a sharp peak. This is shown by the arrows. Second, the expired time is too short so the flow wave ends abruptly during expiration. This is shown by the asterisks.
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Setting the ventilator rate When using AC or PSV modes the clinician selects a ventilator back-up rate (BUR). The BUR delivers untriggered inflations if the infant's breathing rate falls below this rate. If the BUR is high, the baby has less opportunity to trigger inflations before the ventilator delivers untriggered inflations (Figure 2 ).
14 In a study comparing BURs of 30, 40 and 50 per min in ventilated spontaneously breathing infants, there were most triggered inflations at a BUR of 30 per min. 45 It is important that infants trigger as many inflations as they need because their breathing contributes to the V T , and therefore, the PIP required is lower. However, for infants with apnoea, or a poor respiratory drive, a BUR about 50 to 60 per min may be needed to maintain minute volume.
Setting the circuit gas flow
With the Babylog 8000plus, the clinician sets the circuit gas flow. This alters the slope of the pressure wave (Figure 4 ). The V T will be limited if circuit gas flow is too low. An adequate flow is indicated by a short plateau of the pressure waveform during inflation. In contrast, a high circuit gas flow causes a rapid pressure upstroke, which may provoke active expiration/asynchrony and injure the lungs. 46 , 47 We recommend a circuit gas flow of 6 to 8 l min À1 , which is usually enough for PIPs up to 30 cm H 2 O if used with T i 0.3 s. If there is no pressure plateau during inflation, the flow rate or T i should be increased and a reversible ETT leak is corrected. If the pressure wave has a plateau longer than the time needed to complete the inflation consider decreasing the circuit flow, or the T i . During PSV, a high circuit gas flow shortens the T i (Figure 4 ). 47 Thus, in the PSV mode the circuit gas flow may need to be reduced if T i 's become very short (for example, <0.25 s). However, too low circuit flow (<4 to 6 l min À1 ) may lead to difficulty in achieving the set V T , particularly in the presence of ETT leak. 20 The new Babylog VN500 has two alternative modes of flow adjustment, which can be configured in the system setup. Manual adjustment of flow, is comparable with the Babylog 8000plus. Adjustment of a pressure-rise time means that the user directly sets a time after which the PIP plateau is reached. If this option is used, the Babylog VN500 selects the flow needed to reach a plateau within the rise time. A pressure-rise time between 80 to 150 ms is recommended.
Setting the positive end expiratory pressure (PEEP)
Adequate PEEP is vital to maintain functional residual capacity, prevent atelectasis and improve oxygenation. 5, 48, 49 Most intubated infants require a PEEP X5 cm H 2 O due to underlying lung disease and the ETT bypassing the larynx. 50 Insufficient PEEP may contribute to heterogeneous ventilation, increasing the risk of regional lung injury from local volutrauma and shear stress. 
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Weaning volume guarantee VG ventilation automatically weans the PIP as an infant's lung function improves. In AC or PSV, the infant controls the ventilator rate. The only parameters that should be altered during weaning are the FiO 2 and the set V T . Reducing the ventilator rate during AC or PSV has no effect on delivered rate unless respiratory effort is poor or the BUR is greater than the infant's breathing rate. When the set V T is below, the infant's spontaneously generated V T the PIP will be reduced therefore the infant will be breathing on ETT continuous positive airway pressure, potentially increasing work of breathing and the risk of subsequent extubation failure due to fatigue. If this is observed for more than short periods, extubation should be considered. We do not recommend weaning V T below 3.5 ml kg À1 . 18, 25, 26 We consider extubation if the mean airway pressure is consistently <8 to 10 cm H 2 O with set V T 3.5 to 4.5 ml kg À1 and blood gases are satisfactory. Readiness for extubation can be assessed using the spontaneous breathing test. 52 Endotracheal tube leak Gas leak around an uncuffed neonatal ETT varies with its diameter, the applied airway pressure and the duration of ventilation. 53 It is largest during inflation. If there is an ETT leak, some of the gas volume passing down the ETT will be lost before entering the lungs. Compared with inspired V T , the advantage of targeting expired V T is that it more closely reflects the actual V T that entered the infant's lungs. However, as ETT leak increases, expired V T becomes less accurate, because there is a leak during expiration, and the ventilator increasingly underestimates the delivered V T . In general, VG ventilation can be used with ETT leaks up to B50% 27 because the ventilator automatically adjusts the PIP to deliver the set V T (Table 1 ). An increasing ETT leak with a concomitant rise in PIP may be misinterpreted as worsening lung disease. 27 A very large leak may lead to hypocarbia due to underestimation of the delivered V T .
In a ventilated infant who is breathing well and has adequate blood gases despite having a large ETT leak, extubation may be appropriate. Otherwise, if an infant has a large ETT leak it is usually technically easy to place a larger ETT. We recommend reintubating with an appropriately sized ETT rather than turning off VG and leaving V T delivery uncontrolled.
Large tidal volumes
During periods of crying, breathing hard or gasping, the spontaneous V T may exceed the set V T .
14 VG permits infants to take large breaths but does not augment these inflations due to inbuilt safety features ( Figure 5 , Table 1 ). ), pressure (cm H 2 O) and tidal volume (ml). During the first six inflations, the baby is breathing quietly and triggering inflations. During the next eight inflations the baby starts breathing hard. The inspired V T then exceeds the set V T , shown by the horizontal dotted line, by more than 130%. The inflating pressure is stopped early and therefore reduced for each successive inflation over 130% of the set V T until the baby stops breathing. During the last three inflations, the baby is not breathing and three untriggered back-up inflations are delivered.
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Surfactant treatment
Surfactant administration often causes brief increases in airway resistance and ETT obstruction. 16 To maintain the set V T , the PIP limit should be set 10 cm H 2 O or more above the pre-surfactant PIP to enable the set V T to be delivered. 16 Within 30 to 60 min, the working PIP automatically falls as lung mechanics improve. 16 Forced expiration, 'splinting' and episodes with low tidal volume Babies can actively expire and then tighten their abdominal muscles so hard such that they prevent gas entering the lungs during an inflation; often termed 'splinting'. 54 Forced expiration and splinting cause hypoxemic episodes due to low lung volume and low V T delivery, 55 causing 'ETT obstructed' and 'low tidal volume' alarms ( Figure 6 ). A higher Pmax setting (for example, 35 cm H 2 O) may allow the ventilator to increase the PIP and overcome the obstruction more quickly. The use of a higher target V T (6.0 ml kg À1 ) only slightly reduced hypoxemic episodes in studies with other VTV modes. 55, 56 Diaphragmatic braking Diaphragmatic braking causes an early interruption in expiratory flow ( Figure 7 ) and is sometimes associated with a small inspiration as the diaphragm contracts. 15, 54 If this occurs within the 0.2 s refractory period of the ventilator an inflation is not triggered. However, the VG software underestimates the expired V T by incorrectly interpreting the small initial expired V T as the total expired V T , and increases the PIP for the next inflation. Despite a higher PIP, the safety features help to prevent delivery of large V T (Table 1) . Periods with expiratory braking occur with <5% of inflations and less during triggered than untriggered inflations. These episodes are usually short lived and revert spontaneously to normal ventilation.
Effect of the flow-sensor dead space
The small dead space of the Babylog flow sensor (Table 1) has little effect on ventilation. 35 One reason for this is that with ETT leaks the dead space is continuously flushed with fresh gas. Also, during neonatal ventilation gas movement is more complicated than simple bulk flow, minimizing the effect of dead space. 35 In babies <1000 g, the extra dead space may slightly increase PaCO 2 levels. 21, 34 The advantages of using flow sensors for monitoring, volume targeting and flow triggering, outweigh the small effect on PaCO 2 .
Troubleshooting VG If, during VG ventilation, an infant becomes tachypnoeic with low oxygen saturations or has a persistently low PIP with suboptimal Figure 6 This is a recording from a 1000-g baby ventilated with assist control (AC) þ volume guarantee (VG) ventilation at a rate of 50 per min, a set peak inflating pressure (PIP) of 40 cm H 2 O, and a set V T 5 ml. The three waves are from top to bottom flow (l min À1 ), pressure (cm H 2 O) and tidal volume (ml). It illustrates the effect on the inflating pressure when the baby tightens the abdominal muscles enough to temporarily stop inflation. This is preceded by active expiration. During the first ten inflations, the pressure is modulated to maintain the expired V T . During inflations 7, 8 and 9 the expired V T is larger than set V T and so the pressure is reduced. At inflation 10 there is a very small V T , and therefore the pressure is increased by 3 cm H 2 O for each inflation for the next five untriggered inflations until a V T is produced. This is then followed by triggered inflations at a similar inflating pressure to the start of this recording, with one untriggered inflation in between.
Neonatal volume guarantee ventilation C Klingenberg et al blood gases, the condition of the infant and the ventilator must both be thoroughly assessed. Inadequate PEEP, very short T i during PSV, a set V T which is too low, or a large ETT leak need to be ruled out. Important points to consider for successful VG ventilation are listed in Box 1.
Conclusion
A Cochrane systematic review supports the use of VTV for ventilated preterm infants in need of mechanical ventilation. 12, 13 The VG mode controls the expired V T and provides breath-by-breath adjustments of the PIP to achieve the set V T . By controlling the expired V T , this mode is less influenced by endotracheal tube leak and can be used with ETT leaks up to B50%. The initial set V T for infants with RDS should be 4.0 to 5.0 ml kg
À1
, but may need adjustments to maintain acceptable PaCO 2 values. Very high (>8 ml kg À1 ) and very low (<3.5 ml kg À1 ) set V T may cause harm. Setting the PIP limit well above the working pressure is important to enable the ventilator alter the PIP to deliver the set V T , and to avoid frequent low tidal volume alarms. We recommend combining VG with triggered modes supporting all inflations (AC or PSV modes). A ventilator BUR <40 per min permits the infant to trigger most inflations. VG automatically weans the PIP as the baby's lung compliance and respiratory effort improves. This state-of-the-art review on VG ventilation is intended to be used with the Dräger Babylog 8000plus and VN500 ventilators, which have a similar VG mode. We have insufficient experience with other ventilators to make recommendations for their use. Some of the principles apply to other ventilators targeting expired V T but caution should be applied, as these ventilators do not work exactly in the same way (Table 2) . We urge the clinicians to report their experiences with all VTV modes and the manufacturers to describe the technical details of VTV modes in new neonatal ventilators.
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Box 1 Essentials of successful VG ventilation
Make sure:
ETT leak is <50% The PIP limit (Pmax) is set well above the working PIP to allow fluctuations in PIP and to avoid frequent alarms The inspiratory pressure reaches a plateau before expiration The set V T is high enough to support the infant's breathing effort The Ti during PSV is not too short, that is, <0.20-0.25 s The circuit gas flow and PEEP are adequate for the infant's condition We have no experience with these ventilators and their specific VTV -modes, and there is no information available whether they have separate algorithms for triggered and untriggered inflations.
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